Purpose: This multicenter, prospective, observational study aimed to supplement real-world evidence on the effects of aclidinium bromide on the quality of life (QoL), symptoms, and activity impairment of patients with COPD. Patients and Methods: Eligible patients were ≥40 years of age, newly initiated on aclidinium bromide as monotherapy or add-on therapy according to the product's approved label. Patient-reported COPD assessment test (CAT), the severity of symptoms and their impact on daily activities, and the features of the Genuair ® inhaler device were assessed at enrollment and at 12 weeks post-treatment onset. . In patients with paired data, the prevalence of at least moderate night-time symptoms, early-morning symptoms, and daily activity impairment decreased from 28.2% to 19.1%, from 63.6% to 34.2%, and from 59.5% to 38.7%, respectively (p<0.001 for all). Inhaler device features were assessed as "very good"/"good" by more than 90% of the patients. The adverse drug reaction rate was 1.4%.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by persistent respiratory symptoms and airflow limitation, and is associated with quality of life (QoL) impairments and substantial economic and social burden. [1] [2] [3] In 2017 COPD ranked as the fifth leading cause of death and the seventh cause of disability in Greece 4 and is predicted to be the fourth leading cause of death and the fifth cause of disability worldwide in 2030. 3 Dyspnea, cough, and sputum production are the cardinal symptoms of COPD. 5 Symptomatology varies throughout the day, with most patients reporting worse COPD symptoms during the early-morning followed by those at nighttime, leading to limitations in performing morning activities and to night-time awakenings, respectively. [5] [6] [7] [8] According to the 2019 Global Initiative for Chronic Obstructive Lung Disease (GOLD) consensus guidelines, the level of the patients' symptoms and exacerbations should be at the epicenter of both initial and follow-up pharmacological treatment decision-making. 9 Specifically, initial pharmacotherapy decisions should be based on a combined assessment approach (ABCD classification), which takes into consideration the assessment of the patient's symptom burden [via the Medical Research Council questionnaire or the COPD Assessment Test (CAT)] and the history of exacerbations. 9 Reducing symptoms in conjunction with improving the health status and reducing the risk for exacerbations, disease progression, and mortality represent the major goals for the treatment of stable COPD. Long-acting muscarinic antagonists (LAMA) are recommended as initial therapy for patients across all GOLD ABCD Groups, and together with long-acting β agonists (LABA) and inhaled corticosteroids (ICS) comprise the mainstay inhaled maintenance COPD treatments. 9 Aclidinium bromide, an approved LAMA for adult patients with stable COPD, has a rapid onset of action and high selectivity for M3 muscarinic receptors leading to airway smooth muscle relaxation. In addition, aclidinium has a shorter half-life than tiotropium and is rapidly hydrolyzed in the plasma, attributes that limit its systemic adverse events. 5 To date, in Europe, it is the only LAMA that can be dosed twice a day. 5, 10 The inhalation device of aclidinium bromide is equipped with a safety mechanism to prevent accidental double-dosing, a dose indicator, feedback mechanism for correct inhalation, and a lockout mechanism. The features of the device have been linked with fewer inhalation errors and high patient satisfaction. 11, 12 The efficacy of aclidinium bromide in reducing exacerbations and improving lung function has been demonstrated in randomized placebo-controlled trials. [13] [14] [15] [16] [17] In a phase IIIb trial including moderate-to-severe COPD patients who were randomized to aclidinium, tiotropium, or placebo for 6 weeks, aclidinium demonstrated significant improvements compared to placebo in reducing the presence and severity of early-morning and night-time symptoms, and in improving activity limitation due to COPD symptoms. 18 Real-world evidence regarding the beneficial effect of aclidinium bromide on the symptoms and QoL of patients with COPD treated in routine care settings is gradually emerging. [19] [20] [21] In view of the scarcity of published real-life data at the time of study planning, the Greek ON-AIR study aimed to supplement the evidence by hypothesizing that aclidinium bromide has beneficial effects on the QoL of the patients, the presence and severity of early-morning and night-time COPD symptoms, and the patient-perceived impact of COPD symptoms on their daily activities. It also aimed to capture the patients' and physicians' perspectives of the inhaler device features and collect data regarding the safety of aclidinium when used in accordance with the approved label in routine care settings in Greece.
Patients and Methods

Study Design and Setting
This was an observational, multicenter study conducted in 15 hospital pulmonary clinics in Greece. Patients with COPD were consecutively enrolled between 13-March-2015 and 29-January-2016 by respiratory medicine specialists. The study was conducted in accordance with the International Society for Pharmacoepidemiology guidelines for Good Pharmacoepidemiology Practice, 22 the ethical principles of the Declaration of Helsinki, and all standing regulations. The study protocol and informed consent form were reviewed and approved by all Institutional Review Boards (Scientific Council and/or Board of Directors) of the participating hospital sites before the enrollment of any patient in the study and performance of any study-related procedures. Signed informed consent was obtained from all patients. Patients were treated with aclidinium bromide for a period of 3 months (12 weeks), according to the summary of product characteristics (SmPC) and the patient's therapeutic needs. The decision to prescribe aclidinium bromide therapy was taken prior to their enrollment in the study and was clearly separated from the physician's decision to include the patient in the study. Management and monitoring of the patient were carried out according to standard medical practice. Data were collected at enrollment and at a second visit that occurred approximately 12 weeks post-enrollment (follow-up visit) and were documented on paper Case Report Forms.
Study Population and Study Medication
The study included both male and female patients, aged ≥40 years, with an established COPD diagnosis, who were newly initiated on treatment with aclidinium bromide inhalation powder (Bretaris ® Genuair ® ) at the recommended dose of one inhalation of 322-µg aclidinium twice daily (either as initial therapy, as change to the current treatment, or as addon therapy, according to the physician's judgment), were able and willing to comply with the study procedures, and who provided written informed consent prior to enrollment. Patients with any contraindication to the use of anticholinergics in accordance with the SmPC or hypersensitivity to aclidinium bromide, atropine, or its derivatives, as well as pregnant or lactating women, were excluded from study participation.
Assessments
Disease-related QoL was assessed using the Greek version of the CAT, which was completed by the patients at enrollment and at the 12-week follow-up visit. At both visits, physicians assessed the presence and severity of the patient-reported night-time and early-morning symptoms using a 5-point Likert-type scale 23 (ranging from "no symptoms" to "very severe symptoms"). Moreover, at both visits, patients were asked to indicate their most troublesome early-morning symptoms (cough, difficulty in breathing, wheezing/breath sounds, and difficulty in clearing mucus) and to rate the severity on a 4-point Likert-type scale (ranging from "mild" to "very severe"). In addition, patients were asked to indicate the extent to which their COPD symptoms had an impact on their daily activities using a 5-point Likert-type scale (ranging from "not at all", to "a very large extent") and the frequency of their nocturnal awakenings. At the follow-up visit, both physicians and patients were asked to evaluate the features of the inhaler device on a 4-point Likert-type scale (very good, good, neutral, bad) and to indicate their willingness to continue treatment with the prescribed inhaler. Throughout the study observation period, the occurrence of adverse events regardless of their causal relationship with the study medication were monitored, recorded, and reported.
Statistical Analysis
The normality of distribution of continuous variables was assessed using the Shapiro-Wilk test. The statistical significance of changes of continuous variables [CAT score and symptom severity (using a 5-point scale, with 0 corresponding to "no symptoms" and 4 to "very severe symptoms")] between enrollment and the follow-up visit were evaluated using the Wilcoxon signed-rank test.
Changes from enrollment to the follow-up visit in the proportion of patients with and without nocturnal awakenings, with and without night-time and early morning symptoms of at least moderate severity, and with and without at least moderate impairment of daily activities were assessed with the McNemar test. The impact of patient, treatment, and disease characteristics on achievement of the minimum clinically important difference (MCID; defined as a decrease of 2 or more units from enrollment to the follow-up visit) 24 in the total CAT score at the follow-up visit was evaluated using logistic regression models. The multivariable logistic regression model was derived using a stepwise procedure based on the minimization of the Akaike's Information Criterion 25 and included the following baseline variables in the initial stepwise procedure: sex, age category, obesity [body mass index (BMI) ≥30 kg/m 2 ], smoking status, new COPD diagnosis, cardiac/vascular disorders, metabolism/nutrition disorders, comorbidity count, CAT total score at enrollment, no prior LAMA, initiation of aclidinium bromide as add-on therapy with other inhaled maintenance therapy, and at least moderate early-morning and/ or night-time symptoms. In addition, univariable linear regression models were fitted in order to evaluate the impact of factors of interest on the change of the CAT total score from enrollment to the post-enrollment visit. All statistical tests were two-sided and performed at a 0.05 significance level. The statistical analyses were performed using SAS ® statistical analysis software (v.9.4; SAS Institute, Cary, NC). Sample size calculation was based on the study's primary aim, which refers to the proportion of patients achieving a meaningful improvement in their QoL according to the CAT, ie, attaining the MCID in the CAT total score. Considering the feasibility of this real-word study, a total of 300 patients were considered to be a representative sample of patients with COPD in Greece. Consequently, with a sample size of 300 patients and considering the maximum indetermination (ie, the worst-case proportion estimate of 0.5), a target population of 600,000 (ie, 10% of the adult population in Greece) and a binomial confidence level of 95%, the percentage of patients achieving the minimum clinically important improvement in their CAT score can be determined with a confidence interval (CI) of ±5.7%.
Results
Patient Disposition
A total of 286 patients were enrolled in the study from 15 hospital outpatient pulmonary clinics located in six different administrative regions in Greece; 58.0% of the total population was enrolled by nine clinics in the region of Attica. One non-eligible patient (aged <40 years) was excluded from the analysis, yielding a total of 285 eligible patients. The median [interquartile range (IQR)] duration of follow-up was 3.0 (3.0-3.1) months, with all patients attending the 12-week follow-up visit. Five patients discontinued therapy with aclidinium bromide due to adverse event occurred after a mean (standard deviation; SD) period of 2.8 (0.4) months; in four of these patients, the adverse events were assessed as causally related to aclidinium bromide (adverse drug reactions).
Patients' Characteristics at Enrollment
The patients' median age at enrollment was 69.0 years. The majority of patients were males (76.3%), ever smokers (96.1%; current smokers: 38.9%), and overweight/ obese (69.5%; obese: 28.4%). The patients' sociodemographic and anthropometric characteristics at enrollment are presented in Table 1 .
At least one comorbid condition was reported for 77.2% (n = 220) of the patients, with 35.0% of those having one, 37.7% having two, and 27.3% having three or more comorbidities for a median (IQR) of 2.0 (1.0-2.0) comorbidities reported. Cardiovascular disorders were reported for 57.2% of the patients, metabolism/nutrition disorders for 30.9%, and respiratory disorders (other than COPD) for 6.7% (Table 1) . Most common comorbidities, ie, those reported by ≥5%, are presented in Table 1 .
COPD Diagnosis and Treatment
The median (IQR) COPD duration was 1.0 (0.0-6.6) year, with 26.0% of the patients being newly-diagnosed (Table 1) . Prior COPD therapy had been received by 73.3% of the patients. In particular, inhaled maintenance treatment (LABA and/or LAMA and/or ICS) for COPD management had been received by 71.9% of the patients, including ICS and LABA combinations in 54.0% (as fixed-dose in 50.5% and as free combination in 3.5%); LAMA had been received by 34.4% of the patients ( Table 2) . Frequencies of prior drug classes are presented in Table 2 .
Aclidinium bromide was initiated as add-on therapy in 74.3% of the patients with available data (N = 253). Inhaled maintenance therapies (LABA and/or LAMA and/or ICS) were co-administered in 73.1%, with most frequent coadministered medications being ICS and LABA combinations received by 62.5% [as fixed-dose combination in 60.5% and as free-drug regimens in 2.0%]. Concomitant therapies per drug class are presented in Table 2 . 
Effects of Aclidinium Bromide Therapy on Disease-Related QoL (CAT)
The patients' median (IQR) total CAT score at enrollment was 14.0 (9.0-20.0) points [mean (SD), 14.7 (7.8)], with 70.5% of the patients having a score ≥10 points (Figure 1 ). At the 12-week follow-up visit, the median (IQR) total CAT score was 10.0 (6.0-15.0), demonstrating a statistically significant median (IQR) decrease of 3.0 (2.0-5.0) points (p<0.001). In addition, 76.5% of the patients achieved the MCID (minimum clinically important reduction of ≥2 points) in their CAT score. Statistically significant reductions were observed in the scores of all CAT items between enrollment and the 12-week follow-up (p<0.001 for all).
Effects of Aclidinium Bromide Therapy on Night-Time and Early-Morning COPD Symptoms
The frequency of reported night-time COPD symptoms was reduced from 63.2% of patients at enrollment to 50.5% at the 12-week follow-up visit. The severity of these symptoms, as assessed by the physicians, statistically significantly decreased from enrollment at the follow-up visit [from a median (IQR) of 1.0 (0.0-2.0) at enrollment to 0.0 (0.0-1.0) at the follow-up visit; p<0.001].
In addition, in patients with paired data, the prevalence of night-time symptoms of at least moderate severity decreased from 28.2% (78/277) at enrollment to 19.1% (53/277) at the follow-up visit (p<0.001). In particular, among patients with night-time symptoms of at least moderate severity (N=78), 41.0% (32/78) transitioned to no or mild night-time symptoms, while among those with no or mild night-time symptoms at enrolment (N=199), 3.5% (7/199) transitioned to night-time symptoms of at least moderate severity. Distribution of patients with available data according to the severity of their night-time symptoms is displayed in Figure 2A . Furthermore, in patients with paired data, the proportion of patients with nocturnal awakenings due to COPD decreased from 46.8% (118/252) at enrollment to 32.9% (83/252) at the follow-up visit (p<0.001).
Moreover, 97.2% of the patients had early-morning symptoms at enrollment and 96.5% at the follow-up visit. The severity of these symptoms, as assessed by the physicians, significantly decreased from enrollment at the follow-up visit [from a median (IQR) of 2.0 (1.0-2.0) at enrollment to 1.0 (1.0-2.0) at the follow-up visit; p<0.001]. In patients with paired data, the percentage of patients with symptoms of at least moderate severity declined from 63.6% (173/272) at enrollment to 34.2% (93/272) at the follow-up visit (p<0.001). In particular, among patients with early-morning symptoms of at least moderate severity (N=173), 49.7% (86/173) transitioned to no or mild early-morning symptoms, while among those with no or mild early-morning symptoms at enrolment (N=99), 6.1% (6/99) transitioned to symptoms of at least moderate severity. Distribution of patients with available data according to the severity of their early morning symptoms are displayed in Figure 2A .
Early-morning symptoms reported as being the most troublesome by the patients at enrollment were difficulty in breathing [ 
Impact of COPD Symptoms on the Patients' Daily Activities
At enrollment, 59.5% (169/284) of patients with paired enrollment and follow-up data reported being at least moderately impaired in the performance of their daily activities due to their COPD symptoms, with this percentage decreasing to 38.7% (110/284) at the 12-week follow-up visit (p<0.001). Distribution of patients with available data according to the level of impairment of their daily activities at enrollment and at the follow-up visit is displayed in Figure 3 .
Evaluation of Aclidinium Bromide Inhaler Device and Willingness to Continue Therapy
Therapy with aclidinium bromide inhaler was rated by physicians and patients as the preferred COPD treatment for 97.1% (233/240) and 93.4% (225/241) of patients with available data, respectively. Moreover, the features of the inhaler were rated as being very good or good in more than 90% of patients with available data by both physicians and patients (Table 3) .
Physicians declared their intention to continue therapy with aclidinium bromide after the end of the study for 92.6% (262/283) of their patients, with good effectiveness of the treatment (90.5%) and good handling of the inhaler device (69.4%) reported as the main reasons for therapy continuation. Similarly, 92.3% (263/285) of the patients intended to continue therapy after the end of the study, citing good effectiveness (86.8%) and good handling (64.2%) as the main reasons. two times higher (OR adjusted : 2.27, 95% CI: 1.13-4.57; p = 0.021) for patients with than without at least moderate early-morning and/or night-time symptoms. Moreover, for each point of higher total CAT score at enrollment, the odds of attaining the MCID increased by 10% (OR adjusted : 1.10, 95% CI: 1.04-1.16; p<0.001), when adjusting for the other factors remaining in the model (Figure 4 ). In addition, the following factors were found to be statistically significantly associated with a greater decrease in the total CAT score from enrollment at the 12-week postenrollment visit through univariable linear regression models: male sex, age at enrollment ≥65, newly-diagnosed with COPD, initiation of aclidinium bromide as add-on therapy with other inhaled maintenance treatment, presence of night-time symptoms, and at least moderate early-morning and/or night-time symptoms (Supplementary Table 1 ).
Predictors of Improvement in the Total
Safety
A total of seven adverse events were reported for five patients (1.8%), of which six [experienced by four (1.4%) patients] were assessed to be causally related to aclidinium bromide. The events related to aclidinium bromide were all non-serious and included two cases of drug ineffectiveness, two cases of cough/productive cough, one case of dyspnea, and one of paroxysmal tachycardia. Of these, dyspnea and productive cough were experienced by a patient for whom "drug ineffectiveness" was also reported and referred to lack of improvement of these two symptoms. One serious event of pleural effusion, which was not assessed to be causally related to aclidinium bromide, was experienced by one patient. All events led to study treatment discontinuation.
Discussion
The current study provides real-world data demonstrating the favorable benefit-risk profile of aclidinium bromide, when used in the routine care setting of Greece, with special focus on disease-related QoL and night-time and early-morning symptom burden.
The patients' mean CAT total score significantly decreased by a mean of 3.7 points after 12 weeks of aclidinium treatment, a decrease greater than the MCID. 24 In agreement to the current findings, two studies in Austria by Olschewski et al (Austrian ON-AIR) 19 and Marth et al, 20 of a similar design, found significant reductions in CAT scores by a mean of 5.5 and 4.7 points, respectively, after 12 weeks of aclidinium treatment. The larger reduction observed in the studies by Olschewski et al 19 and Marth et al 20 might be justified by the fact that they enrolled patients with a higher mean baseline CAT score (18.4 and 18.5 points, respectively, versus 14.7 in the present study) indicating the presence of more severe symptoms at baseline; in addition, these two studies included greater proportions of patients with nighttime symptoms of at least moderate severity (56.1% and 45.0%, respectively, versus 28.3% in the present study) and with newly-diagnosed COPD (31.2% and 33.8%, respectively, versus 26.0%). All above three factors were identified as significant predictors of achieving a decrease in the total CAT score according to linear regression models. Baseline CAT score and new diagnosis of COPD were also among the strongest predictors of achieving an MCID in the total CAT score according to multivariable logistic regression analysis. Correspondingly, the MCID attainment rate was 71.9% in the present study compared to 85.2% in the study by Olschewski et al 19 and 75.2% in the study by Marth et al. 20 The association of the baseline CAT score with the reduction in the total CAT score after 12 weeks of aclidinium treatment has been reported elsewhere. 21 Furthermore, a greater reduction in the total CAT score among newly-diagnosed patients with COPD was also observed in the study of Marth et al. 20 The beneficial effect of aclidinium bromide on attainment of the MCID in the present study was not found to be impacted by the patients' smoking status and, presence of obesity, in agreement with a previous report. 21 Also in alignment with a previous report, 21 prior use of another LAMAwas shown to be advantageous in terms of CAT score decrease; however, this factor was not shown to be associated with achievement of the MCID when adjusted for other factors. It should also be mentioned that about 75% of the patients initiated aclidinium bromide as add-on therapy (including more than 70% who received other concomitant maintenance therapies, mainly ICS and LABA combinations), which could be considered as a confounder of the study outcomes; nonetheless, this factor was not found to be associated with MCID attainment.
In the present study, aclidinium bromide also led to significant improvements in the severity of both early-morning and night-time symptoms after 12 weeks of treatment. In particular, the percentage of patients with at least moderate night-time symptoms declined from 28.3% to 18.9%, while those with at least moderate early-morning symptoms dropped from 62.4% to 34.1%. Reductions in symptom severity were noted for all individual symptoms examined. Similar findings have been reported in other real-world studies after 12 weeks of aclidinium bromide treatment, [19] [20] [21] complementing the data from earlier Phase III studies. 18, 26 As we expected, improvements in symptom severity were accompanied by a decrease in the number of nocturnal awakenings. The circadian variability of COPD symptoms, which may be explained by the circadian modulation of the airway caliber by the cholinergic system, is amply documented. 10, 27, 28 Accordingly, through their ability to modulate the cholinergic tone, LAMAs constitute especially good therapeutic options for controlling COPD symptoms, with the twice-daily dosing of aclidinium bromide boosting the bronchodilation effect on airways and thus improving the night-time and early-morning symptoms. 10 Moreover, aclidinium-induced improvements in cough and sputum symptoms are supported by its antitussive activity, which is mediated by acid-sensing ion channels and mechanoreceptors. 26 These characteristics of aclidinium may explain why in a phase IIIb study, aclidinium, but not tiotropium, compared to placebo yielded significant reductions in the severity of night-time and individual early-morning (cough, wheeze, shortness of breath, and phlegm) symptoms, as well as an improvement in activity limitation due to COPD symptoms. 18 Improvement in symptom severity should be a priority for patients with COPD, as symptoms have been associated with disease exacerbations, as well as with daily activity impairment, physical activity and sleep impairments, anxiety, and depression. 7, 8, 27, [29] [30] [31] [32] Even though the association of symptoms with daily activities in the present study was not directly examined, significant improvement of the patient-perceived impact of symptoms on their daily activities was observed, in agreement with the study by Marth et al. 20 In addition, in this study, more than 90% of patients and physicians considered aclidinium inhaler as the preferred treatment, and more than 90% rated all features of the inhaler as being "good" or "very good". Similarly, high patient satisfaction with the device's usability and high overall patient satisfaction have been previously reported. 11, 12 Patients' satisfaction with the treatment translated into an intention to continue with aclidinium after the end of the study by more than 90% of the patients. High ratings of the device features were also reported in the study by Marth et al, 20 wherein about 80% of patients and physicians reported they intended to continue therapy after the study. Regarding aclidinium's safety profile, the incidence of adverse events over the 12-week observation period was very low, with only six adverse drug reactions reported, none of which was serious. A low incidence of adverse events has been reported in other real-world studies, [19] [20] [21] likely attributed to the fast hydrolysis of aclidinium in the plasma, a pharmacokinetic feature that distinguishes it from other LAMAs. 33 Limitations of the study include the lack of control group and the absence of data on the patients' baseline airflow limitation severity and exacerbation risk. Moreover, lung function indices were not recorded during study participation. Furthermore, as all patients were enrolled by pulmonology specialists practicing in hospital outpatient clinics, the study results are generalizable to outpatients managed by hospital-based physicians rather to patients cared for in diverse ambulatory care settings also including private practices. However, enrollment of the patients by 15 public and private hospital clinics from geographically diverse locations of Greece where 74% of the Greek population resides, accounts for variations in medical practice and strengthens the generalizability of the outcomes in hospital outpatient settings. Notably, the study had a very low attrition rate, thus preventing bias arising from selectively missing data from patients who would prematurely discontinue study participation due to study treatment discontinuation as a result of inadequate response.
Conclusion
In agreement with results from randomized controlled trials, this observational real-world study has demonstrated that 12 weeks of treatment with aclidinium bromide produces a significant and clinically meaningful improvement in the quality of life of COPD patients, while reducing night-time and early-morning symptom burden and activity impairment, which is accompanied by a favorable safety profile and a high level of patient satisfaction with treatment.
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